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On the Cover: Varanus douarrha 


The individuals depicted on the cover and inset of this 
issue represent a recently redescribed species of monitor 
lizard, Varanus douarrha (Lesson, 1830), which origi- 
nates from New Ireland, in the Bismark Archipelago of 
Papua New Guinea. Although originally discovered and 
described by René Lesson in 1830, the holotype was lost 
on its way to France when the ship it was traveling on 
became shipwrecked at the Cape of Good Hope. Since 
then, without a holotype for comparitive studies, it has 
been assumed that the monitors on New Ireland repre- 
sented V. indicus or V. finschi. Recent field investiga- 
tions by Valter Weijola in New Ireland and the Bismark 
Archipelago and phylogenetic analyses of recently col- 
lected specimens have reaffirmed Lesson’s original clas- 
sification of this animal as a distinct species. 


The V. douarrha depicted here were photographed by 
Valter Weijola on 17 July and 9 August 2012 near Fis- 
soa on the northern coast of New Ireland. Both individu- 
als were found basking in coconut groves close to the 
beach. 


Reference: Weijola, V., F. Kraus, V. Vahtera, C. 
Lindqvist & S.C. Donnellan. 2017. Reinstatement 
of Varanus douarrha Lesson, 1830 as a valid 
species with comments on the zoogeography of 
monitor lizards (Squamata: Varanidae) in the 
Bismarck Archipelago, Papua New Guinea. 
Australian Journal of Zoology 64(6): 434-451. 
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Varanus glauerti. Kununurra, Western Australia. Photograph by Chris Applin. 


ORGANIZATIONAL NEWS 


Continued Growth 


Biawak continues to grow in terms of its global reach and readership. The period between June 2016 and July 2017 
saw the addition of 78 new members, bringing [VIG membership to a total of 1,125 individuals from 60 countries. 
In addition to the informational resources available through the IVIG’s website, http://varanidae.org, the discussion 
group entitled “Biawak - International Journal of Varanid Biology and Husbandry” on the popular social media 
website Facebook.com continues to grow and promote the exchange of ideas, news, and information relating to the 
biology and husbandry of varanid lizards. All IVIG members are encouraged to join and participate in this open 
forum. Current participants of this discussion group number 2,752. 


New Editorial Board Members 


The International Varanid Interest Group welcomes several new individuals to the editorial board of Biawak. David 
S. Kirshner (Sydney, Australia), Laurence Paul (San Antonio Zoo, United States), Samuel S. Sweet (University 
of California, Santa Barbara, United States), Valter Weijola (University of Turku, Finland), and Thomas Ziegler 
(Cologne Zoo, Germany) join the board as members of the editorial review team. Collectively, their research 
backgrounds span such diverse fields as ecology, evolution, taxonomy and systematics, conservation and captive 
management, and bring decades of further expertise to the editorial board. 


Fig. 1. Current global distribution of 1VIG membership. 


NEWS NOTES 


Bengal Monitor Population 
Declining in Seshachalam 
Hills, India 


Bengal monitors (Varanus bengalensis) are reported to 
be in serious decline in the Seshachalam Hills area of the 
Eastern Ghats in Andhra Pradesh, India due to poaching. 
Parts from the lizards are claimed to be aphrodisiacs, 
with the tongue and liver being especially prized. 
Villagers who capture them may sell a single specimen 
for as much as Rs 5,000 (~ $78 US). Although the species 
is protected, such protections are poorly known in areas 
occupied by the species and are widely ignored. Habitat 
loss has also played a role in the animal’s disappearance 
from the region, which started a decade ago. 


Source: The Hindu, 18 January 2017 


Trade in Bengal Monitor Sexual 
Organs Revealed 


Indian wildlife officials have announced the discovery 
of an online-based trade in wildlife including the dried 
hemipenes of Bengal monitors (Varanus bengalensis), a 
protected species. The discovery was made following a 
raid on a house in Brahmeswarpatna in Odisha (formerly 
Orissa), India in which the organs from more than two 
hundred monitors were seized. The dried hemipenes 
were allegedly being sold as plant roots with magical, 
curative properties. Monitors are in high demand both in 


Varanus mertensi. Litchfield NP, Northern Territory. 
Photograph by Chris Applin. 


India and throughout Asia both for their meat as well as 
for their fat and oil which are claimed (without evidence) 
to cure various aliments including bone fractures and 
chronic pain. Authorities are now trying to determine 
this the source of the specimens. 


Sources: The Times of India, 30 May 2017; Hindustan 
Times, 21 June 2017 


Komodo Dragon Dies at 
Louisville Zoo 


A male Komodo dragon (Varanus komodoensis), the 
facility’s only specimen, has been euthanized at the 
Louisville Zoo (USA). The twenty-three year old animal, 
nicknamed “Big Man”, first arrived at the facility in 1994 
from the Cincinnati Zoo. At the time of its death, it was 
the second oldest dragon in the United States. Zoo staff 
first noted that the dragon showed difficulty moving in 
April 2016. The cause was believed to be a compressive 
spinal cord lesion high in the neck (a problem that has 
been seen before in captive dragons). Initial steroid 
treatment was successful, but the dragon eventually 
stopped responding. After surgery was ruled out, zoo 
staff made the decision of euthanasia. A zoo spokesman 
said they hope to find a replacement specimen soon. 


Source: Courier-Journal, 22 February 2017 


Bengal Monitor Stows Away in 
Tourist’s Suitcase 


A juvenile clouded monitor (Varanus bengalensis 
nebulosus) stowed away in the luggage of a British 
tourist returning from a trip to Thailand. The ca. 16 
cm long lizard was discovered in a suitcase containing 
diving equipment after the owner had returned to his 
home in Derbyshire. Authorities were notified, who then 
retrieved the lizard and took it to a specialist exotics 
center where it was determined to be in good health. 
Officials are now seeking permission from Thai officials 
to place the lizard in a zoo. 


Source: www.upi.com, 10 April 2017 
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Virginia Aquarium Announces 
Genders of Juvenile Komodo 
Dragons 


The Virginia Aquarium & Marine Science Center (USA) 
has announced that the two Komodo dragons (Varanus 
komodoensis) hatched at the facility in August 2016 
are both males. The two are the offspring of Teman and 
Jude, a male and female pair who were on loan from 
the Denver and San Antonio Zoos, respectively. Jude 
developed egg-yolk coelomitis and was euthanized in 
2016 following complications after surgery. However, 
prior to her passing, Jude had dug a nest and laid 
eighteen eggs which managed to escape the attention 
of zoo staff for seven months until two hatchlings were 
observed during routine exhibit cleaning. Of the clutch, 
only two eggs hatched. The offspring are now one 
meter in length and were considered large enough for 
blood to be drawn for DNA testing to determine their 
genders. Aquarium officials hope to place the two on 
public display sometime this summer, although one will 
eventually go to San Antonio Zoo. 


Source: The Virginian-Pilot, 13 April 2017 


Tourist Bitten by Komodo 
Dragon 


A Singaporean tourist was bitten and severely injured 
by a wild Komodo dragon (Varanus komodoensis) 
while watching the animals feed. According to Komodo 
National Park officials, the victim, a 50-year-old man, was 
watching several dragons feed on livestock belonging to 
villagers. Ignoring warnings, he approached the animals 
to take photographs and was then bitten on his left leg. 
Locals immediately pulled him away and took him to a 
nearby medical center in Labuan Bajo, Flores for first 
aid. He was later taken to Siloam General Hospital on 
Java. Although the specific site (and island) where the 
attack took place was not mentioned, park officials stated 
that the tourist had been staying with locals and that the 
attack occurred outside of designated dragon viewing 
areas. This represents the first incident of a human being 
bitten by a wild Komodo dragon in the past five years. 


Sources: The Jakarta Post, 3 May 2017; www.bbc.com, 


4 May 2017; The Telegraph, 4 May 2017 


Questionable Practices 
Surrounding Monitor Lizard 
Deaths at Delhi Zoo 


A recent investigation into several monitor lizard deaths 
at the National Zoological Park, or Delhi Zoo (India) 
has uncovered questionable record keeping practices 
that appear to attempt to hide the deaths and replacement 
of these individuals (species not identified, but likely 
Varanus bengalensis). Five monitor lizards allegedly 
died at the zoo between November 2016 and early 
January 2017, and were secretly replaced with another 
four individuals in January. These four replacement 
animals reportedly died shortly after their arrival in early 
February, allegedly due to shock associated with being 
“disturbed from hibernation.” Two of these animals 
reportedly died the same day as their “disturbance”, 
whereas the other two perished a few days later. 


Inconsistencies in the zoo’s collection records of how 
many individuals were on hand, and questionable dietary 
records documenting food rations for the monitor lizards 
during January 2016 suggest foul play. All animal deaths 
are required to be reported to the Central Zoo Authority; 
however, the Delhi Zoo’s ranger alleges that the keeper 
and head keeper were instructed to hide the transfer of 
the replacement monitor lizards. This investigation is 
ongoing. 


Source: The Indian Express, 25 February 2017 


Varanus baritji. ‘Adelaide River, Northern Territory. 
Photograph by Chris Applin. 
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Successful captive breeding of Varanus cumingi at Cologne Zoo. Photographs courtesy of Thomas Ziegler. 


Varanus cumingi Hatch at 
Cologne Zoo 


A total of five Varanus cumingi recently hatched at the 
Cologne Zoo (DE). The zoo aquired the species as a 
confiscation in 2010 and these animals were integrated 
into the zoo’s Philippines exhibit, next to its Philippine 
crocodile enclosure; additional specimens were 
maintained in off-exhibit areas. From this initial group, 
all individuals proved to be male. To acquire specimens 
of both sexes, some individuals were exchanged for V. 
cumingi from Augsburg Zoo (DE) in March 2016. 


Proceedings of the 2015 


Interdisciplinary World 


Conference on Monitor Lizards 


= 


able. 


Mating occurred in mid-October 2016, with eggs laid 
on 16 November 2016. The eggs were incubated at 
temperatures ranging from 29-31.5 °C, with hatching 
taking place between 22 and 27 May 2017. The five 
hatchlings ranged from 12.1-13.4 cm in snout-to-vent 
length and 30.1—32.4 cm in total length, and weighed 
between 31 and 36 g. Further mating occurred in April 
2017, with a clutch of nine eggs laid on 14 May which 
are currently incubating. Officials plan to eventually 
display some of the offspring at the zoo. 


Source: Thomas Ziegler and Anna Rauhaus, Colonge 
Zoo 


Proceedings of the 2015 Interdisciplinary 
World Conference on Monitor Lizards 


The published proceedings of the Interdisciplinary World Conference on 
Monitor Lizards held in Bangkok, Thailand from 27-29 July 2015 is now 
available for purchase. The price is $35.00 US plus shipping from Thai- 
land. Due to a limited print run, only a limited number of copies are avail- 


Please contact Michael Cota at Herpetologe@gmail.com to order and for 
further information. 
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Notes on the Natural History of Blue-tailed Monitors 
(Varanus doreanus) in Australia 


DANIEL J.D. NATUSCH! & JESSICA A. LYONS? 


‘School of Life and Environmental Sciences 
University of Sydney 
Sydney, NSW 2006, AU 
Email: d_natusch_14@hotmail.com 


*Resource Evaluation and Development Limited 
Frogs Hollow, NSW 2550, AU 


Abstract - The blue-tailed monitor (Varanus doreanus) is a large but poorly known lizard described 
from New Guinea and adjacent islands. Recently, V. doreanus was recorded from mainland Australia, 
but its extent of occurrence there and aspects of its natural history remain unknown. We provide 
basic notes on the habitat associations, morphometrics, male combat, diet, predation and relative 
abundance of V. doreanus, based on observations of 12 specimens from the northern tip of Cape 
York Peninsula, Australia. We conclude by providing an assessment of the distribution range and 


conservation status of V. doreanus in Australia. 


Introduction 


The blue-tailed monitor (Varanus doreanus [Meyer 
1874]) is a large monitor lizard (< 1.6 m) described from 
New Guinea and surrounding islands (Bohme et al., 
1994; Ziegler et al., 2007). In the 1990s, examination 
of specimens held in European museum collections 
suggested that V. doreanus also occurred on the 
Australian mainland (Ziegler et al., 1999; Ziegler et 
al., 2001). However, the specimens’ locality data were 
vague (referring only to “Queensland, Australia”) and 
herpetologists did not recognize the species’ occurrence 
in the country until recently (Cogger, 2014; Wilson, 
2015). Since then, several photographs of specimens 
resembling V. doreanus were taken in the Iron Range 
area of Cape York Peninsula, Australia. Finally, detailed 
examination of V. indicus specimens held in the 
collections of the Queensland Museum revealed they 
were in fact V. doreanus (Weijola et al. 2016; Weijola, 


pers. comm. 2017). The species’ remote distribution 
and superficial similarity to the mangrove monitor 
(V. indicus) are the primary reasons for it remaining 
unrecorded for so long (Ziegler et al., 1999). 

Few field studies have been conducted on V. 
doreanus in its native range (but see Phillip, 1999), 
and they remain one of the rarest monitor lizards in 
zoological gardens worldwide (< 10 specimens; Ziegler 
et al., 2016; although they are moderately common 
in the pet trade, S. Sweet, pers. comm. 2017). Hence, 
basic information on the natural history of the species is 
lacking. In 2013, we began a field study on the ecology 
of tropical snakes in the vicinity of the Lockerbie Scrub, 
near the town of Bamaga at the northern tip of Cape 
York Peninsula, Australia (e.g., see Natusch et al., 2016). 
While undertaking fieldwork we made observations 
of 12 specimens of V. doreanus. Here, we use those 
observations to describe aspects of the species’ natural 
history, and discuss its conservation status in Australia. 
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Materials and Methods 
Data collection 


While conducting fieldwork in New Guinea from 
2009 to 2011, we observed 70 live specimens of V. 
doreanus at wildlife traders’ premises (to be sold as pets) 
and in the wild (Natusch & Lyons, 2012). In addition, we 
observed 68 specimens of V. indicus and three specimens 
of V. jobiensis, against which comparisons could be 
made. Based on this experience, we are confident in our 
ability to correctly identify specimens of V. doreanus. 
We did observe many more than 12 monitor lizards 
while conducting fieldwork in the Lockerbie Scrub, 
some of which were undoubtedly V. doreanus. However, 
many of those sightings were only fleeting glances of 
fast-moving lizards in dense undergrowth, and so we 
have only recorded observations where we are certain 
the specimen was V. doreanus. 


Study site and habitat associations 


The observations reported in this paper all occurred 
in the Lockerbie Scrub, at the extreme northern tip of 


Cape York Peninsula, Queensland (Fig. 1). The climate 
there is hot year-round (27 to 33 °C) with an average 
annual rainfall of 1,744 mm (range = 1,268 to 3,184 
mm), most of which falls during the summer monsoon 
(December to April; Bureau of Meteorology, 2016). The 
rest of the year remains relatively dry with frequent fires 
(at least in woodland vegetation). The Lockerbie Scrub 
is characterized by semi-deciduous notophyll vine 
forest (hereafter referred to as “rainforest”), interspersed 
and surrounded by tropical woodlands dominated by 
Corymbia tessellaris, C. clarksoniana and/or Eucalyptus 
brassiana (Nelder & Clarkson, 1995; Stanton & Fell, 
2005). 

Most observations of V. doreanus occurred deep 
within the rainforest (Fig. 2). The exceptions were four 
specimens collected or observed on roads transecting 
tropical woodlands. On all occasions, rainforest habitat 
was < 50 m away. We never observed a monitor lizard 
resembling V. doreanus in tropical woodland away 
from rainforest. It is therefore reasonable to assume 
that this species is closely associated with rainforests in 
Australia. By contrast, we never observed the closely 
related V. indicus within the inland rainforest of the 
Lockerbie Scrub. All specimens of that species were 


OF, ery 
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observed (black dots) in relation to semi-deciduous notophyll vine forest (grey shading). The map also shows the 
Lockerbie Scrub in relation to other major rainforest habitats on Cape York Peninsula (based on regional ecosystem 
mapping for Queensland; Neldner & Clarkson, 1995; Sattler & Williams, 1999). Varanus doreanus has also been 
recorded from the Iron, MclIlwraith and Kawadji-Ngaachi ranges, but is yet to be recorded from the Jardine River 
Catchment. 
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Fig. 2. Typical rainforest habitat of V. doreanus in 
the Lockerbie Scrub, at the northern tip of Cape York 
Peninsula, Australia. Photograph by Daniel Natusch. 


observed in mangroves or in rainforest near the coast. 
That being said, DJDN has observed true V. indicus at 
400 m a.s.] in the MclIlwraith Range (Fig. 2; D. Natusch 
unpubl. data, 2008), suggesting the species may be more 
broadly distributed in the Lockerbie Scrub but simply 
not recorded by us. 


Results 
Morphometrics 


On 16 August 2013 and 9 March 2016 we 
encountered two specimens of V. doreanus killed on a 
dirt road in the vicinity of the Lockerbie Scrub. The first 
specimen was a sexually mature male (assumed by its 
size), measuring 630 mm from snout-to-vent (SVL) and 
910 mm from vent to tail tip. This specimen therefore 
represents a maximal size record for this species (Fig. 
3b). The second specimen was a female, measuring 
310 mm SVL and 500 mm from vent to tail (Fig. 3a). 
Dissection of the female specimen revealed that she had 
not undergone a reproductive event (determined by the 
absence of vitellogenic follicles, thickened oviducts and 
corpora albicantia indicative of ovulation) and was thus 
likely to be physiologically immature. Both specimens 
contained ectoparasites (ticks) common to snakes and 
other monitors in the area (D. Natusch, unpubl. data). 


Diet 


While surveying a colony of metallic starlings 


(Aplonis metallica) we observed a small (estimated 
300 mm SVL) V. doreanus approximately 10 m up the 
trunk of the colony’s host tree. We did not observe the 
specimen entering starling nests, but speculate that it was 
preying upon starling eggs or chicks. In keeping with 
this, Phillip et al. (2007) recorded a bird in the stomach 
of the closely related V. semotus from Mussau Island 
(Weijola et al., 2016). Finally, dissection of the small 
female specimen (SVL 310 mm, see above) found dead 
on the road revealed its stomach to contain few content 
except for the remains of unidentified coleopterans (as 
has been shown previously; Phillip et al., 2007). 


Fig. 3. Comparison of V. doreanus dorsal pattern 
between (a) a female specimen (310 mm SVL) from the 
Lockerbie Scrub, Cape York Peninsula, Australia, (b) a 
male specimen from the Lockerbie Scrub (630 mm SVL), 
and (c) a male specimen (not measured) from Muting, 
southern Papua, Indonesia. Note the ontogenetic change 
in colour pattern between (a) smaller and (b, c) larger 
specimens. Photographs by Daniel Natusch. 
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Male combat 


On 8 December 2013, DJDN observed two large 
male (> 500 mm SVL) V. doreanus engaged in ritualized 
combat next to a dirt road in the vicinity of the Lockerbie 
Scrub. The specimens were in tropical woodland habitat, 
but closed rainforest was approximately 20 m away. 
The specimens were on their hind-legs, engaged in 
combat typical of other varanids. The combat ritual was 
observed for fewer than 10 seconds before the lizards 
disengaged and fled into the surrounding rainforest. 


Predation 


On 20 May 2015, a male black-headed python 
(Aspidites melanocephalus) measuring 1700 mm SVL 
with a mass of 1068 g (measured without stomach 
contents) regurgitated a female (approximately 200 mm 
SVL) V. doreanus. The specimen was partly digested, 
but identifiable by its bright blue-banded tail. The python 
was captured in tropical woodland, but only 20 m from 
rainforest. Black-headed pythons frequently consumed 
monitor lizards at our study site (usually V. panoptes and 
V. scalaris), and may represent a common predator for 
V. doreanus (D. Natusch, unpubl. data). 


Discussion 
Distribution within Australia 


In addition to occurring in the Lockerbie Scrub, V. 
doreanus has also been recorded from semi-deciduous 
mesophyll vine forests in the vicinity of Lockhart River 
(Iron Range), 230 km to the south (Fig. 4). It also occurs 
in the nearby Mcllwraith Range, as well as the Kawadji- 
Ngaachi Ranges (V. Weijola, pers. comm. 2017; Fig. 1). 

The occurrence of V. doreanus in the Lockerbie 
Scrub strongly suggests that this species is not confined 


Fig. 4. Two young V. doreanus from the Iron Range 
area, Cape York Peninsula, Australia (approximately 
230 km south of the Lockerbie Scrub). Photographs by 
(a) Ricky Mackenzie and (b) David Newman. 


to well-developed rainforest. Unlike other obligate 
rainforest species (e.g., the eclectus parrot [Eclectus 
roratus macgillivrayi] and the green python [Morelia 
viridis]; Legge et al., 2004; Natusch & Natusch, 2011), 
V. doreanus must have persisted in the Lockerbie Scrub 


Table 1. Extent of closed forest on Cape York Peninsula suitable for Varanus doreanus. Values from Neldner & 
Clarkson (1995) and adapted from Natusch & Natusch (2011). All values in km/?. 


Rainforest site 


Lockerbie Scrub 87 
Jardine River Catchment 241 
Iron Range 532 
MclIlwraith Range 1,512 


Total 2,372 


Extent of rainforest habitat 


Percent in protected areas 


0% 
100% 
73% 
62% 


58% 
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Cape York Peninsula, Australia, escapes up a nearby 
tree. Photograph by Anders Zimny. 


during periods of glaciation and continental drying. At 
those times, the extent of rainforest vegetation on Cape 
York diminished considerably, and probably disappeared 
almost completely from the Lockerbie Scrub (Nix & 
Kalma, 1972; Kikkawa et al., 1981; Rowe, 2007). 

This ability to persist in drier vine thickets indicates 
that V. doreanus probably also occurs in the rainforests 


of the Jardine River Catchment (Fig. 1). In terms of 
southern distribution, V. doreanus is unlikely to occur 
south of the Princess Charlotte Bay dry corridor in 
southern Cape York (in keeping with many other species 
of Papuan origin; e.g., see Natusch & Natusch, 2011). 
Therefore, assuming an almost continuous distribution 
within suitable habitat in the major rainforests of Cape 
York Peninsula, we estimate that V. doreanus has an 
Australian range of 2,372 km? (Table 1). 


Abundance and conservation status of Varanus 
doreanus in Australia 


We do not consider V. doreanus to be rare in the 
Lockerbie Scrub. That being said, we conducted fieldwork 
in rainforest habitat almost daily for four years but only 
recorded 12 specimens. A possible explanation for this is 
that, in contrast with several other Australian monitors, 
V. doreanus is extraordinarily elusive (Fig. 5). This is 
undoubtedly a major factor contributing to it remaining 
undetected in Australia, and we suspect the species is 
more abundant than it appears (Fig. 6). We consider V. 
doreanus to be the most common rainforest monitor in 
the Lockerbie Scrub rainforest. In comparison, Phillip 
et al. (1999) recorded remarkably high densities of this 
species within a riverbed in West Papua, Indonesia (13 
specimens within 600 m?). A similar situation occurs 
in the Lockerbie Scrub. Four individuals (adults and 
juveniles) were seen congregating around a pool of 
water in the bed of a rainforest stream in the late dry 
season (L. McIntyre, pers. comm. 2016). 

Varanus doreanus in Australia is subject to few 
threatening processes. Introduced cane toads (Rhinella 
marina) severely impacted populations of monitor 
lizards in other parts of Australia (Shine, 2010), and 


Interestingly, we recorded only two photographs of monitor lizards from > 20,000 photographs of > 100,000 animals 
in the Lockerbie Scrub — both were V. doreanus (Natusch et al., 2016). 
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probably impacted V. doreanus in a similar way when 
they first reached Cape York Peninsula. Despite this, 
and despite a continually high abundance of cane toads 
in the Lockerbie Scrub, the V. doreanus population 
there has likely stabilized. In conclusion, based on the 
species’ estimated area of occupancy (2,372 km/?), lack 
of known threats, and extremely remote distribution 
(much of which occurs in protected areas), we consider 
the conservation status of V. doreanus in Australia to be 
of least concern (IUCN, 2001). 
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Abstract - Records of injured monitor lizards and how they cope with their injuries in the wild 
are limited. This report documents observations made in Sumatra, Indonesia over the course of 28 
months of an Asian water monitor (Varanus salvator) afflicted by a foreign bone protruding from its 
tympanum. The monitor’s body condition, feeding behavior, nocturnal activity, social status, and 


ritualized combat are noted. 


Introduction 


The Asian water monitor, Varanus salvator, is 
a large (ca. 2 m total length) predator and scavenger, 
with a wide distribution throughout southern and 
southeastern Asia (Bennett et al., 2010; Das, 2010). 
This species is semi-aquatic and diurnal, and occurs in 
many different habitats including mangrove swamps, 
along riverbanks, dipterocarp forests, and urban areas 
(Bennett, 1995; Bennet et al., 2010; de Lisle, 2007; 
Uyeda, 2015). The diet of V. salvator is comprised of 
large invertebrates and small vertebrates such as insects, 
crabs, fishes, lizards, turtles, birds, and rats (Das, 2010; 
Traeholt, 1993, 1994), with carrion, including large 
mammal carcasses such as wild pigs and deer (Gaulke, 
1991), also known to be a significant part of its diet. 
Varanus salvator often habituates to human presence 
and can be found in areas of anthropogenic disturbance 
such as human settlements and garbage areas (Bennet et 
al., 2010; Das, 2010; Uyeda et al., 2015). 

In Sumatra, Indonesia, V. salvator is often found 
in lowland tropical rainforest (Teynie et al., 2010). 
The Way Canguk Research Station is a tropical 


ecosystem research station established in 1997 by the 
Wildlife Conservation Society Indonesia Program 
in collaboration with The Indonesian Ministry of 
Environment and Forestry (WCS-IP, 2001). It is located 
in Bukit Barisan Selatan National Park, the largest 
protected area in southern Sumatra (5° 39’ 32” S; 104° 
24' 21" E). The station’s study area encompasses a 900 
ha mosaic of primary and burned rainforest bisected 
by the Canguk River (WCS-IP, 2001). Approximately 
three months after the establishment of the Way Canguk 
Research Station, several V. salvator began visiting the 
station, frequently foraging on human food leftovers 
such as bones and meat from the kitchen. The average 
number of V. salvator typically seen around the camp on 
a daily basis has been five, but as many as 11 individuals 
have been recorded. All age classes are represented, 
from juveniles to adults. 

Among the V. salvator present at Way Canguk, one 
individual was observed over the course of 28 months 
from March 2014 to June 2016 with a large bone 
protruding through its tympanum. As there is limited 
information on the biology of injured monitor lizards 
in the wild, here we report observations on the body 
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Fig. 1. The “tusked” monitor of Way Canguk Research 
Station, with approximately 20 cm of foreign bone pro- 
truding from its tympanum. 


condition, feeding behavior, nocturnal activity, social 
status, and ritualized combat of this “tusked” monitor in 
a tropical rainforest of Sumatra. 


Observations 


Research staff first observed an adult V. salvator 
(ca. 2 m total length) foraging around the station in 
March 2014 with a foreign bone protruding from 
the tympanum on the side of its head (Fig. 1). This 
particular individual had been visiting the station daily 
to forage for food leftovers before it was observed with 
the bone protruding. It is presumed that the monitor 
attempted to swallow part of an extremity bone from 
a primate carcass, possibly a Siamang (Symphalangus 
syndactylus) or Sumatran surili (Presbytis melalophos). 
Although there was no direct observation of the bone’s 
ingestion, one possible scenario is that the long bone 


became stuck inside the throat and when the monitor 
attempted to regurgitate it through vicious shaking, and 
the sharp, broken tip of the bone pierced through its 
tympanum. 

In April 2014, research staff captured the “tusked” 
individual and attempted to remove the bone by pulling 
it from the side of the monitor’s head. However, there 
was a possibility that the tip of the bone inside the 
throat was stuck, and attempts to remove the bone were 
immediately discontinued upon observation of blood 
dripping from the tympanum. 

During 2014, the monitor was observed in an 
emaciated state, and the injury to the tympanum area was 
still fresh and appeared to be impairing the monitor’s 
ability to ingest food. By January 2015, eleven months 
after the first observation of the protruding bone, 
the injury had healed and showed no overt signs of 
disease (Fig. 2). Once again able to ingest food without 
complication, it began to gain weight and was able to 
return to anormal body condition. 

Since monitors are generally diumal, nocturnal 
activity has rarely been reported (e.g., Milenkaya & 
McKay, 2016; Uyeda et al., 2013). Uyeda et al. (2013) 
documented 16 observations of nocturnal activity by a 
single V. salvator on Tinjil Island, Indonesia between 
0128 and 0530 h. In Way Canguk, nocturnal activity by 
the “tusked” monitor was observed on more than three 
occasions in which it was seen feeding on food leftovers 
in the garbage area of the station (Fig. 3). 

Following the suspected death of the station’s 
dominant V. salvator in April 2016 (this individual was 
observed with severe swelling to the left hind leg in 
January 2016 and had not been seen around the station 
since April 2016), the “tusked” monitor appears to have 


Fig. 2. Close-up of the 
“tusked” monitor taken on 
11 November 2016, two 
and a half years after it was 
first seen with the protruding 
bone. The injury to the tym- 
panum area had healed and 
the monitor’s body condition 
had dramatically improved 
since 2014. 
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Fig. 3. The “tusked” monitor ingesting a leftover fried 
catfish head in the garbage area at night (2345 h) on 29 
June 2016. 


become the dominant individual around the station. 
Although there are two other individuals of similar body 
size in the area, the “tusked” monitor frequently elicits 
greater agonistic interactions by displacing and briefly 
pursuing other monitors, including smaller individuals. 
In order to become dominant, the monitor would have 
had to prevail in a greater number of interactions with 
rivals (Uyeda et al., 2015). Opportunistic observations 
have shown that other monitors around the station tend 
to avoid the “tusked” individual when encountered, 
suggesting its dominance (Fig. 4). 

At 1423 h on 9 August 2016, the “tusked” monitor 
was observed engaged in ritualized combat with another 
individual of similar body size in the Way Canguk River 
that lasted about 10 minutes (Fig. 5). Such combat is 
needed to establish or maintain the dominance hierarchy 


SS, ee 


Fig. 4. Another V. salvator slowly approached the 
“tusked” monitor as both were searching for a basking 
site near the station, but then avoided the latter, even 
though it did not exhibit any aggression. 


paw 
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which may yield greater access to food and females 
(Horn et al., 1994). However, we were unable to identify 
the winner of the combat as the monitors followed the 
current of the river and were too far away to be seen 
once the combat concluded. 


Discussion 


Monitor lizards typically ingest their food whole, 
which can occasionally lead to health issues. This 
account documents a V. salvator that ingested a long 
and sharp bone, likely as part of a scavenged food item. 
Previous records of similar cases include a V. varius 
found with a sharp bone from a T-bone steak protruding 
from its throat (Fillett & Jackson, 2010) and a deceased 
V. komodoensis found with a deer antler piercing through 
its abdomen (A. Ariefiandy, pers. comm.). In the case 
of the V. varius, surgery was performed to successfully 
remove the bone from the monitor (Fillett & Jackson, 
2010). 

Fortunately for the V. salvator in the present 
account, it was able to recover from its injury on its own. 
In the Phillipines, Auffenberg (1988) found that there 
was a higher percentage of water monitors (V. salvator 
complex) encountered with scars (62%) when compared 
to V. olivaceus (52%), which may suggest that water 
monitors are more resilient and capable of withstanding 
injuries than other species. Observations on its current 
feeding behavior, dominance over other individuals, 
and ritualized combat illustrate the monitor’s ability to 
recover from the detrimental effects of such a highly 


» ~S = . 
Fig. 5. A video screen shot of ritualized combat ob- 
served between the “tusked” monitor and a rival male in 
the Way Canguk River. 
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Abstract — The Pilbara rock monitor (Varanus pilbarensis) is an attractive Australian dwarf monitor 
lizard species which, due to its reddish-orange coloration and small body size, is a focal species for 
monitor keeping enthusiasts worldwide. However, very few published articles describing the captive 
husbandry and breeding of V. pilbarensis exist, even though it is clear from various photographs of 
these dwarf monitors on the internet, that private keepers are regularly breeding this species. This 
article describes the successful breeding of V. pilbarensis for the first time in a private collection in 
Spain. In addition, we make some taxonomic comments about the recently split-off V. hamersleyensis 
since intermediate phenotypes and hybrid crossings with V. pilbarensis are known to exist in captivity. 


Introduction 


The Pilbara rock monitor, Varanus pilbarensis, is a 
small monitor lizard that inhabits rocky outcrops in the 
arid Pilbara region of Western Australia (Storr, 1980). 
They are predominantly reddish-brown to orange in 
coloration, anteriorly turning dark brown or blackish on 
the second half of the body, and have a long rounded 
tail with black and cream-colored banding distally (Fig. 
1). The dorsal coloration is pale to dark reddish-brown 
and/or orange, occasionally with irregular cross-bands 
on the head and neck. The dorsum is covered with deep 
brown ocelli featuring dark central spots. The black 
legs are mottled with cream-colored spots, and the 
throat and venter are greyish-white, irregularly spotted, 
and reticulated with grey markings (King, 2004). Total 
length (TL) can reach 50-55 cm, but only males reach 
this maximum size, with females growing only to 40— 


45 cm TL. Apart from the larger body size, males have 
larger and more robust heads, as is often the case in 
dwarf monitor lizards of the subgenus Odatria (Aplin et 
al., 2006). 


Fig. 1. A specimen of Varanus pilbarensis from Port 
Hedland, Western Australia. Photograph courtesy of 
Gunther Schmida. 
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Today, V. pilbarensis is popular in North American, 
European, and Australian collections, where it is 
occasionally bred in captivity and commands high 
prices in the international pet trade. Within the 
European Union, V. pilbarensis is protected under EU 
Directive 338/97 (European Union, 1997), the EU- 
wide implementation of the international regulations of 
the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES 2017), where 
the species is listed under Appendix II along with most 
other monitor lizards. Australia banned the export of life 
native reptiles, amphibians, birds and mammals more 
than 50 years ago under the Environment Protection 
and Biodiversity Conservation Act (EPBC, 1999). 
According to a CITES trade database survey by Pernetta 
(2009), only 17 live specimens of V. pilbarensis have 
been legally exported out of Australia between 1975 and 
2005. Our own analysis of the CITES trade database 
(2016), however, revealed that no V._ pilbarensis 
specimens were ever exported. Therefore, most, if not 
all of the captive-bred specimens in private collections 
outside of Australia today have likely originated from 
illegally exported individuals. 

Due to its colorful appearance and small body size, 
V. pilbarensis is a focal species for monitor keeping 
enthusiasts worldwide (Figs. 2 & 3). However, fewreports 
describing its husbandry and breeding in captivity have 
been published (Eidenmiiller & Langner, 1998; Retes & 
Bennett, 2001; Hérenberg, 2013), even though it is clear 
from various photographs on the internet that private 


keepers are regularly breeding this species in captivity. 
This article describes the first successful breeding of V. 
pilbarensis in a private collection in Spain and provides 
some taxonomic comments about the recently split-off 
V. hamersleyensis since intermediate phenotypes and 
hybrid crossings with V. pilbarensis are known to exist 
in captivity. 


Breeding Group 


In March 2014, a subadult male V. pilbarensis (30 
cm TL) was acquired from a reptile show in Madrid, 
Spain (Fig. 4). A few months later, two females were 
acquired from a British keeper. Both were mature 
individuals measuring 35 and 40 cm TL, respectively 
(see Fig. 5). Both females have the same color pattern, 
but differ slightly in appearance from the male. They 
exhibit a banded dorsal pattern of large light spots in 
contrast to the male that features black-bordered ocelli 
with black centers. Sexual dimorphism was evident by 
the wider and thicker head and neck of the male, as well 
as its enlarged paracloacal spur clusters (see Figs. 6-8). 
In December 2015, a third, noticeably older female 
was acquired from a private keeper. It was put under 
daily veterinary observation due to its poor physical 
condition, but died a few weeks later (see Camina Vega 
& Wefer, 2016). 


Husbandry 


The male was housed in its own terrarium measuring 
100 x 60 x 60 cm (L x Wx H), while the two younger 
females were kept together in a slightly larger enclosure 
measuring 120 x 60 x 60 cm. Each enclosure was 
divided into two sections with different microclimates 
including a basking area with a large pile of rocks, and 
a “shaded” area with a mix of cork tubes, cork walls 
and branches. Dried branches of the shrub Retama 
sphaerocarpa and rosemary (Rosmarinus officinalis) 


Figs. 2 & 3. A European captive specimen of V. cf. pilbarensis. Photographs courtesy of Edgar Wefer. 
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Fig. 4. Varanus pilbarensis is an attractive Australian 
monitor lizard due to its colourful appearance and small 
body size. The adult male of the breeding group is pic- 
tured. Photograph by A. Camina Vega. 


Loe ¢t goes A 


Fig. 5. The two female V. pilbarensis. Photograph by A. 
Camina Vega. 


Figs. 6, 7 & 8. Differences in paracloacal spur clusters between the female (top) and male (bottom) V. pilbarensis. 
Note the broader tail base of the male due to the hemipenal pockets. Photographs by A. Camina Vega. 
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were used as decorative elements. Varanus pilbarensis 
can be very shy, so it was important to provide them with 
an abundance of hiding places such as large cork tubes, 
artificial caves and tree roots. The substrate consisted of 
a mixture of sand and sandy loam that measured 30—40 
cm deep. Refuge sites were moistened twice per week. 
A water bowl was always available, but they seemed to 
prefer to drink when sprayed with water once to seven 
days per week, depending on the season. 

Initially, the terrarium was equipped with a Solar 
Raptor lamp (Econlux GmbH, Koéln, DE), but in 
order to improve ultraviolet radiation, UVB light was 
provided by an Arcadia (Arcadia Products, Redhill, 
UK) T5 desert reptile lamp (39W) covering Ferguson 
zones 3—4, depending on the distance (Baines et al., 
2016). One halogen spot lamp (35-50 W) and a white 
light (6500k) LED system were added to supply the 
correct visible light spectrum and create the basking 
spot. The temperature gradient remained virtually the 
same throughout the year (25-35 °C), with the highest 
temperatures of 40-45 °C recorded directly under the 
basking spot. Photoperiod was approximately 12:12 
h (light:dark) during autumn and winter, and 14:10 h 
during spring and summer. The V. pilbarensis are most 
active between 1000 and 1300 h, and 1600 and 1800 h, 
but remain mostly hidden and become less active during 
winter. 

For the first year, two different nesting boxes 
constructed of plastic and wood (each measuring 30 x 
30 x 30 cm) were located in one corner of the shaded 
area of the enclosure and filled with a humid mix of sand 
and coir fiber, with vermiculite. 

The group was predominantly fed live insects such 
as locusts and cockroaches and dusted with calcium 
and/or vitamin supplementation (Arcadia Earthpro-A) 
two times a week during the colder months and up to 
4-5 times weekly during the warmer months. Prior to 
their introduction to one another, the animals were also 
offered dead baby mice. 


Captive Reproduction 


Although some private V. pilbarensis breeders keep 
their groups together year-round (A. Camina Vega, pers. 
obs.), it was decided to house the adults separately since 
it can be important to prepare females for the mating 
season by allowing them to feed and rest without 
interference from the male. During the mating season 
(May-September), the humidity of the terrarium was 
increased, spraying heavily by hand 1—2 times a day. 

In early May 2015, both females exhibited 
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Fig. 9. The V. pilbarensis breeding group together. Pho- 
tograph by A. Camina Vega. 


distended abdomens as a result of what appeared to be 
vitellogenesis. It was therefore deemed a good time to 
either introduce the male to the two females (Fig. 9), or 
introduce each female to the male’s enclosure separately. 
When the male was introduced to the females 
(introductions 1, 2 and 5), it immediately began rubbing 
its cloaca on different elements of the terrarium, in what 
appeared to be territorial marking. He then approached 
each female multiple times while frequently moving 
the head from side to side and tongue-flicking at the 
females’ bodies. Normally, the female being pursued 
would try to escape and hide from the male, so the male 
would redirect its focus to the other female. Although 
the females were not receptive to the male’s courtship 
behaviors during the first day, the male persistently 
followed the females around the enclosure until one of 
them was finally trapped or consented to copulation (Fig 
10). The male sometimes grabbed the females’ heads 
and necks with its mouth during copulation. Copulation 
occurred several times over the course of 2—5 days. The 
male was separated 7-14 days later (depending on his 
interest), leaving the females alone in their enclosure. 
On later occasions (introductions 3 and 4), each 
female was carefully and individually transferred 
to the male’s terrarium. Initially upon each of their 
introductions, both females seemed very nervous and 
attempted to find shelter, but then settled down after a 
few minutes. Since V. pilbarensis is a species that can 
very easily be stressed, and since the females seemed to 
be more sensitive than the male in this regard (A. Camina 
Vega, pers. obs.), handling was kept to a minimum. The 
male’s courtship behavior and copulation during these 
individual introductions were similar to those described 
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Fig. 10. Copulation. Photograph by A. Camina Vega. 


above. Females were separated 4—6 days after their 
introduction, based on their behavioral interactions with 
the male. After a 2-3 day break, the same procedure 
was repeated with the other female; this process was 
repeated until both females began to show clear signs of 
gravidity. 

Two to three weeks after copulations had ceased, 
the females could be seen basking for extended periods 
of time throughout the day. They frequently refused 
food around one week prior to oviposition, and spent 
considerable time digging test holes in the substrate 
in the last few days before oviposition. Gestation, 
measured as the timespan between the last observed 
copulation and oviposition, was 4-6 weeks. Locating 
the eggs once laid proved to be difficult as both females 
ignored the nest boxes provided. When an abundance 
of holes were noticed in the substrate, their physical 
appearances were monitored several times a day. Eggs 
were usually buried under the pile of rocks in the 
corner of the enclosure. Following oviposition, it was 
important to wait at least 3-4 weeks for the females 
to recuperate and return to their original body weights 
before the male was introduced again. A total of two and 
three different clutches were collected from each female 
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Fig. 11. Hatchling V. pilbarensis emerging from its egg. 
Photograph by A. Camina Vega. 


between June and October 2015, respectively (Table 1). 
The clutches produced in June and July proved not to 
be viable and were discarded since the eggs developed 
mold and had soft and dry, mottled eggshells. Based 
on our experiences with other reptile species, the first 
clutch produced by an inexperienced female could be 
infertile (A. Camina Vega, pers. obs.). 

All eggs were removed from the terrarium, buried 
in a plastic container filled with a mixture of vermiculite 
and water to an approximate ratio of 1:1 by weight, and 
placed inside an incubator constructed from a modified 
refrigerator. Non-viable eggs were discarded throughout 
incubation. The eggs were incubated at temperatures 
ranging from 27.5—28.5 °C and began to hatch after 91— 
105 days of incubation (see Fig. 11). Other successful 
breeders have experienced similar incubation periods, 
such as Eidenmiiller & Langner (1998; incubated at 
27+1°C for 99-136 days) and Horenberg (2013; at 
29.2 °C for 102 days). One egg was found with a fully 
developed, but deceased hatchling inside. 

During their first few days, the hatchlings (see 
Figs. 12 & 13), which measured 13-14 cm TL, were 
housed separately in small terrariums (30 x 30 x 45 
cm), each equipped with a basking spot and UV-B lamp 


Table 1. Reproductive data for five clutches of V. pilbarensis eggs produced in 2015. 


Clutch No. Female Date of oviposition Clutch No. Fertile 
size Eggs 
1 1 22/6/2015 4 0 
2 2 1/7/2015 3 0 
3 1 2/8/2015 2 1 
4 2 27/8/2015 4 4 
5 1 2/10/2015 3 2 


Incubation temperature = Incubation period No. Live 
hatchlings 
- - 0 
- - 0 
27.5-28.5 °C - 0 
27.5-28 °C 91-100 days 2 
27.5-28.5 °C 105 days 1 
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Figs. 12 & 13. Basking one-week-old juvenile V. pilba- 
rensis. Photographs by A. Camina Vega. 


which provided the same environmental conditions 
as those offered to the parents. It may be necessary to 
house juvenile monitor lizards individually until they 
reach a larger size, due to concerns of cannibalism 
as observed in other Varanus species (e.g., V. storri; 
Eidenmiiller, 2007); it is also easier to control food 
intake and monitor the fecal output of each specimen 
when housed individually. With the exception of one 
individual that died five days after hatching, probably 
due to a minor spinal deformity, the hatchlings began 
feeding after 10-12 days. They fed primarily on small 
crickets, cockroaches and isopods which were always 
supplemented with calcium. Drosophila sp. was also 
offered as enrichment. 


Taxonomic Comments on the V. pilbarensis Species 
Group as Defined by Maryan et al. (2014) 


Since the recent description of the new parapatric 
V. hamersleyensis that was taxonomically split-off 
from the southern distribution range of V. pilbarensis 
by Maryan et al. (2014), some experienced keepers 
have expressed doubts regarding the true identity 
of the first specimens of “V. pilbarensis” that were 
available outside of Australia because specimens with 
intermediate character states in coloration and pattern 
are known (Figs. 2 & 3). Additionally, successful 
keepers have informed us that the two different forms of 
V. pilbarensis as defined by Maryan et al. (2014) have 


XY. aa i 

successfully interbred in European private collections 
(B. Eidenmiiller & T. Hérenberg, pers. comm.). Thus, 
it seems plausible that some of the individuals that 
are presently traded on the international market or 
kept in zoos and private collections are (1) either pure 
V. pilbarensis and/or V. hamersleyensis, (2) hybrids 
between both taxa, or (3) hybrids between either of them 
and other taxa phenotypically similar to V. pilbarensis 
that have not yet been formally described (Figs. 14-16). 

Hints for further taxonomic differentiation within 
V. pilbarensis seem to be evident from the phylogeny 
provided by Maryan et al. (2014), with an uncorrected 
sequence divergence of up to 6.6% from east to west 
of the species’ distribution range. There is, however, 
a sampling gap of nearly 200 km between these two 
alleged lineages. By comparison, the mean uncorrected 
divergence between samples of V. pilbarensis and V. 
hamersleyensis north and south of the Fortescue River 
Basin, respectively, is 10.2%. Thus, the taxonomic 
conclusions drawn by Maryan et al. (2014) from the 
phylogenetic data seem reasonable. However, the 
sample size is somewhat limited with only seven 
specimens each of V. pilbarensis and V. hamersleyensis, 
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Fig. 14. Pair of male (left) and female (right) V. ham- 
ersleyensis. Note the larger head of the male specimen. 
Photograph courtesy of Ursula Burdon. 


where an extended sampling could reveal genetically 
less-differentiated populations. 

Morphologically, the distinction between V. 
pilbarensis and V. hamersleyensis seems less clear since 
the holotype of V. pilbarensis (as illustrated by Maryan et 
al., 2014) lacks the dorsal ocelli that are often thought to 
be characteristic of this taxon (Storr, 1980), and instead 
shows small dark spots that tend to form short transverse 
rows on a light brown background coloration. This may, 
however, be the result of the alcohol preservation, since 
the live specimen depicted by Storr (1980) shows clear 
ocelli dorsally. In this regard, it is interesting to note that 
the color pattern of the offspring produced within the 
same clutch from a mixed pair of V. “pilbarensis” (i.e., 


Fig. 15. Varanus hamersleyensis hatchlings. Photograph 
courtesy of Ursula Burdon. 


Fig. 16. Comparison between V. pilbarensis (right) and 
V. hamersleyensis (left). Note the differences in color- 
ation and pattern. Photograph courtesy of Ursula Bur- 
don. 


one specimen of the pilbarensis sensu stricto phenotype 
and the other of the hamersleyensis color pattern) can 
vary greatly in captivity (see Eidenmiiller & Langner, 
1998), with bright red specimens exhibiting distinct 
ocelli hatching next to dark red individuals lacking 
nearly all dorsal markings (B. Eidenmiiller, pers. 
comm. ). 

Noteworthy, Storr (1980) included into the type 
series of V. pilbarensis a specimen (WAM R13082, 
unsexed, from Woodstock Station, 21° 37’ S; 118° 
57' E) that was later identified as belonging to the 
hamersleyensis phenotype by Maryan et al. (2014). 
Moreover, Maryan et al. (2014) mentioned a record 
of a true V. pilbarensis (R110941) from south of the 
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Fortescue River Basin, from the north-western margin 
of the range of the newly described V. hamersleyensis. 
Therefore, it remains unclear if the ephemeral Fortescue 
River actually provides such a strong dispersal barrier 
for a spatial exchange and whether it effectively prevents 
gene flow and interbreeding between the monitor lizard 
populations north and south of it given the fact that it 
does not carry water all year-round (B. Eidenmiiller, 
pers. comm.). 

The fact that successful crossings have occurred 
between different forms of V. pilbarensis in captivity 
(and seems well possible in nature as is evident from 
the geographical information discussed above), raises 
doubts that two reproductively isolated populations 
(i.e., two biological species according to Ernst Mayr’s 
[1942] species concept) are involved, but rather two 
mostly allopatric subpopulations (i.e., subspecies) 
that are separated by a valley and a temporary river 
crossing the distribution range of a species. Following 
the biological species concept, the sympatric occurrence 
of both forms throughout the Pilbara region with only 
little or no evidence of hybridization (as is the case with 
V. pilbarensis and several other monitor lizard species 
of the area such as V. eremius and V. giganteus) would 
strongly support their status as two phylogenetically 
(and morphologically) distinct species. 

Nowadays, however, the biological species concept 
is often replaced by the evolutionary (Wiley, 1978) 
or phylogenetic (Cracraft, 1983) species concepts 
(Torstrom et al., 2014), which more or less state that 
species are independently evolving and diagnosably 
distinct lineages. This rather simplified definition of 
species may, however, overestimate the diversity of 
organisms and does not distinguish between inter- and 
intraspecific differences, which is the variation observed 
between distinct species and within a given species. 
For the latter, the subspecies category (formerly called 
“variation” or “race”) had been erected in biological 
systematics in the mid-19th century (Mayr, 1942; 
Wilson & Brown, 1953). 

Today, however, the recognition of subspecies in 
taxonomy is not as popular as it once was, particularly 
in English-speaking countries. In contrast, for some 
authors (e.g., Mulcahy, 2008; Koch et al., 2010; Braby 
et al., 2012), this taxonomic category still has its 
eligibility since the evolution of two daughter species 
from a single ancestral species (i.e., the formation 
of new species by the divergence of populations) is a 
steady process of accumulating unique properties (so 
called “apomorphies”). The taxonomic challenge in this 
context is to define the point when two sister populations 


have achieved the level of two distinct species. This is 
also known as the “species problem” (de Queiroz, 2005). 
Here, Torstrom et al. (2014), for instance, recommended 
using an integrative taxonomic approach (Dayrat, 2005) 
in order to objectively decide if populations represent 
different species or subspecies (see e.g., Miralles, 2011). 
In conclusion, we criticise that Maryan et al. (2014) 
did not explain their decision or how they taxonomically 
interpreted the differences they revealed in V. pilbarensis, 
and overlooked the possibility of applying the subspecies 
category to the southern population of the Hamersley 
Range. For future taxonomic studies on monitor lizards 
(and reptiles and amphibians in general), we therefore 
encourage herpetologists to act with more objectivity 
when allocating taxonomic categories to populations. 
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Abstract - The Bengal monitor (Varanus bengalensis) is the second largest lizard species in Sri Lanka, 
and is well adapted to living in a variety of terrestrial habitats. Varanus bengalensis is a diurnal 
generalist predator, but sometimes function as a scavenger. Given the ecological plasticity and 
generalist foraging strategy of V. bengalensis, its feeding ecology and role in trophic networks could 
vary among different environments. Thus, in this study we documented the prey and natural predators 
of V. bengalensis across different landscapes along the urban-rural gradient and geo-climatic zones 
of Sri Lanka through field observations, literature surveys, and personal communications with other 
biologists. We documented 82 species of vertebrate prey in the diet of V. bengalensis, which included 
20 mammals, 21 birds, 20 reptiles, 14 amphibians, and seven fishes. Although numerous invertebrates 
were recorded, their identification to species level was challenging. Varanus bengalensis also fed on 
road-killed animals and organic waste, such as rotting fruits and vegetables. Although V. bengalensis 
is largely terrestrial, our dietary analyses revealed that it also preys on aquatic prey; their predation 
on introduced species as well as threatened species was also remarkable. Our study confirmed that V. 
bengalensis has a greater dietary selection than V. salvator in Sri Lanka, which remained consistent 
across a diverse array of habitats. Our study also noted that V. bengalensis is predated by 24 species 
of vertebrates, including nine mammals, 10 birds, and five reptiles, which largely targeted juveniles. 
Neither the predator nor prey communities of V. bengalensis varied across the urban-rural gradient 


or across different geo-climatic zones of Sri Lanka. 
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Introduction 


Varanid lizards, or monitors, are a highly diverse 
reptilian group that is broadly distributed throughout 
Africa, South and Southeast Asia, and Australasia 
(Pianka et al., 2004). In general, varanids have a highly 
conservative body plan, but vary greatly in size, and 
have successfully colonized a wide range of habitats 
in various geo-climatic zones (Pianka & King, 2004). 
Their ecological success has frequently been attributed 
to elevated seasonal and daily activity levels, high 
stamina and metabolic rates, cardiovascular efficiency, 
respiratory efficiency due to gular pumping, and greater 
chemosensory perception (Pianka et al., 2004). 

With a few exceptions (e.g., Varanus bitatawa, V. 
olivaceus, V. indicus), most varanids are highly-adaptive 
habitat generalists and opportunistic carnivores (Shine, 
1986; Losos & Greene, 1988; Molnar, 2004). Certain 
species, such as, the Bengal monitor, V. bengalensis, 
have successfully established themselves in highly 
altered anthropogenic habitats, and also occur ina variety 
of natural landscapes including dense forests, sparse 
woodlands, grasslands, and thorny scrublands (Pianka, 
2004). The geographic distribution of V. bengalensis 
extends from southeastern Iran through much of 
southern Asia, into the Malay Archipelago (Pianka, 
2004). As in many wide-ranging varanids, the ecology 
and natural history of V. bengalensis vary remarkably 
throughout its range in response to the different habitats 
and geo-climatic zones they inhabit (Losos & Greene, 
1988; Auffenberg, 1994; Pianka, 1995). In this study, we 
focused on the trophic ecology of V. bengalensis in Sri 
Lanka, an Indian oceanic island where varanid ecology 
still remains largely unexplored. 

Two species of monitor lizard (genus Varanus) 
occur on Sri Lanka - V. bengalensis and V. salvator (de 
Silva, 2006). Varanus bengalensis has been recorded 
throughout Sri Lanka up to 500 m in elevation and across 
all geo-climatic zones (Das & de Silva, 2005). Varanus 
bengalensis is diurnal, and in Sri Lanka, due to year- 
round uniformly high temperatures, is active throughout 
the year. Daily activity is mostly limited to mid-day 
(1000 to 1400 h), and V. bengalensis is rarely observed 
during early mornings or late evenings (Deraniyagala, 
1953; Wikramanayake & Dryden, 1993; Karunarathna 
et al., 2012). Being a moderately large (average total 
length [TL] 100 cm) varanid, V. bengalensis is the 
second largest lizard species in Sri Lanka (Auffenberg, 
1994), with the longest individual recorded measuring 
174 cm TL at Hambegamuwa, a rural village in southern 
Sri Lanka (S. Karunarathna, pers. obs., 2013). Varanus 


bengalensis is well adapted to occupy a variety of 
terrestrial habitats, and can also climb vertical surfaces 
and trees if necessary (Auffenberg, 1994). Although the 
species is found in floodplain woodlands, it tends to 
avoid aquatic habitats and is inept at swimming or diving 
(Pianka, 2004). In Sri Lanka, the thermoregulatory 
behavior, microhabitat use, metabolism (with respect 
to osmotic balance and energy), and behavioral aspects 
(particularly conspecific agnostic interactions) of V. 
bengalensis have been investigated (Wikramanayake 
& Green, 1989; Dryden et al., 1992; Wikramanayake 
and Dryden, 1993); however, their trophic interactions 
remain largely unexplored. Varanus bengalensis are 
active generalist predators, feeding mostly on small 
invertebrate prey (Deraniyagala, 1953). They are also 
human commensals, and thrive in anthropogenic habitats 
such as home gardens and homesteads, and can even 
occupy households and built-up urban environments 
(Koch et al., 2013). 

Resource and microhabitat availability and 
environmental complexity differs remarkably across 
urban-rural gradients as well as geo-climatic gradients 
(Faeth et al., 2005). Given the ecological plasticity 
and generalist foraging strategy of V. bengalensis, its 
feeding ecology and role in trophic networks could vary 
in different environments. Thus, documenting the diet 
and natural predators of V. bengalensis across different 
landscapes and geo-climatic zones are salient elements 
of ecological theory. In this paper, we studied the prey 
and predators of V. bengalensis in Sri Lanka. 


Methods 
Study Area 


Sri Lanka is a tropical island (area: 65,610 km?) 
located in the Indian Ocean off the southern tip of 
peninsular India (5° 55’ 0.12” — 9° 50' 60” N; 79° 40° 
59.88” E — 81° 54’ 0" E). The island consists of three 
elevation-based geographic zones (lowlands: < 300 
m, uplands: 300-900 m, and highlands: > 900 m) and 
three major climatic zones based on average annual 
precipitation (dry zone: < 1900 mm, wet zone: > 2500 
mm, and intermediate zone: 1900-2500 mm) (Survey 
Department of Sri Lanka, 2012). 


Data collection 
We collected data on the prey and predators of V. 


bengalensis using various methods. Primarily, we made 
extensive field observations through opportunistic field 
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excursions conducted over a six-year (2010-2016) 
period in various regions of Sri Lanka representing 
different geo-climatic zones as well as habitats along the 
urban-rural gradient. Our field observations were made 
at distances of 2 to 20 m from the animals using 8x40 
binoculars. Our field surveys were limited to periods 
of activity for V. bengalensis, between 0600 and 1800 
h (Wikramanayake & Green, 1989; Wikramanayake 
& Dryden, 1993). We dissected ~12 fresh road-killed 
V. bengalensis from various parts of Sri Lanka and 
identified their stomach contents. Our direct feeding 
observations also included V. bengalensis feeding 
on road kills. During our field excursions, we also 
interviewed residents of local communities (~200 local 
residents) regarding their random observations on the 
trophic roles of V. bengalensis. 

Additionally, we consulted veteran herpetologists 
and field biologists (a total of ~25) who have conducted 
field research in Sri Lanka in recent decades (1990- 
2016) on their experiences with V. bengalensis through 
in-person communication and social media. Whenever 
possible, we requested photographic evidence to 
validate their observations. 

Finally, we conducted a comprehensive literature 
review utilizing online databases and scholarly search 
engines (Google Scholar, MEDLINE, Science Direct, 
Biological Sciences Collection, Academic Search 
Premier, EBSCOhost, JSTOR, and PubMed). We used a 
combination of the following keywords in the literature 
review: “Varanus bengalensis”, “Bengal monitor”, 
“Clouded monitor”, “Common Indian monitor”, 
“feeding”, “foraging”, “prey”, “predator”, “trophic”, 
diet”, “Sri Lanka”, and “Ceylon”. We categorized the 
prey and predators based on their IUCN conservation 
status (Vulnerable, Endangered, and _ Critically 
Engendered) and residential status (endemic, residential, 
and non-native). 


Results 
Prey species 


Our field-based observations, interviews with 
professional biologists, and review of the literature 
revealed a diverse array of prey consumed by V. 
bengalensis which included vertebrates, invertebrates, 
as well as dead organic matter including road-killed 
animals and household garbage and urban trash 
(Table 1; Fig. 1). We noted that the vertebrate prey of 
V. bengalensis was remarkably high in diversity: 20 
mammals, 21 birds, 20 reptiles, 14 amphibians, and 


7 freshwater fishes (a total of 82 species; Table 1). 
Among invertebrate prey, species-level identification 
was limited. Most of the invertebrate taxa predated by 
V. bengalensis were arthropods. Live prey included 
different life-history stages (eggs, larvae, juveniles, 
and adults). Varanus bengalensis appeared to consume 
animal carcasses of different stages of decomposition 
ranging from fresh carcasses (such as road-kills) to 
carrion (rotting animal flesh). Among live prey, these 
monitors consumed both endemic species (Sri Lankan 
toque monkey [Macaca sinica] and Sri Lankan yellow- 
fronted barbet [Vegalaima flavifrons]) and non-native 
species including invasive species (1 species) as well 
as domesticated species (2 species). Moreover, 10 
endemics and a total of 5 IUCN Red Listed species (2 
critically endangered, 2 endangered, and 1 vulnerable) 
were also documented in our survey. 


Predators 


Our study revealed that V. bengalensis has several 
natural predators, including 9 mammals, 10 birds, and 
5 reptiles (Table 2; Fig. 2). Among these predators, we 
found one endemic species (Sri Lankan grey hornbill 
[Ocyceros gingalensis]) and one non-native species 
(domestic cat [Felis catus]). Of the 24 total records of 
predation we documented, juveniles were the victims 
in 14 (58.3%) instances, suggesting that juveniles are 
the most susceptible life-history stage (Table 2). In five 
instances, consumers of V. bengalensis were carrion 
feeders scavenging on road-killed individuals (jackal 
[Canis aureus], wild boar [Sus scrofa], and jungle crow 
[Corvus levaillantii]). Live, adult V. bengalensis suffered 
direct predation in a handful of instances (by five 
species). Most V. bengalensis predators were visually- 
oriented, active foragers (domestic cats, domestic 
dogs [Canis familiaris], leopards [Panthera pardus], 
mongoose [Herpestes brachyurus], birds of prey [e.g., 
Spilornis cheela], Indian cobra [Naja naja], and rat 
snakes [Ptyas mucosa]), while a few were sit-and-wait 
foragers (mugger crocodile [Crocodylus palustris], 
stork-billed kingfisher [Pelargopsis capensis], and 
lesser adjutant [Leptoptilos javanicus]). Moreover, 
one predator is a threatened species listed in the IUCN 
Red List (leopard, Panthera pardus) while another 
(Sri Lankan grey hornbill, Ocyceros gingalensis) is an 
endemic species. Humans are also considered a key 
predator of V. bengalensis, and harvest these monitors 
from the wild for their flesh, hide, and fat. Neither 
the natural predators nor prey of V. bengalensis were 
restricted or specific to a particular geo-climatic zone of 
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Fig. 1. Varanus bengalensis preying on an (a) Indian tiger centipede (Scolopendra hardwickei), (b) juvenile black- 
napped hare (Lepus nigricollis), (c) adult common garden lizard (Calotes versicolor), (d) adult variegated kukri 
snake (Oligodon taeniolata), (e) flying termites, (f) household trash, and (g) adult Asian common toad (Duttaphry- 
nus melanostictus). Photographs by Craig Moore, Mevan Piyasena, Senehas Karunarathna, Nilupul Rangana, 
and Bushana Kalhara. 
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arm ~ a > > 


Fig. 2. Predators 


of V. bengalensis: (a) Sri Lankan leo 


pard (Pan 


36 


io ~ a 


thera pardus), (b) domestic dog attack (Canis 


familiaris), (c) changeable hawk-eagle (Spizaetus cirrhatus), (d) crested serpent-eagle (Spilornis cheela), (e & f) 
grey mongoose (Herpestes edwardsii), (g) local drum using the skin of V. bengalensis. Photographs by Mevan 
Piyasena, Sanjaya Atapattu, Mendis Wickramasinghe, and Dinesh Silva. 


Sri Lanka or habitat type. 
Discussion 


Our study confirmed that V. bengalensis is a widely- 
foraging generalist predator that can also function as 
an opportunistic scavenger (Auffenberg, 1994; Pianka, 
2004). Broad dietary niches have been reported for 
several other varanids throughout the Indo-Malayan 
and Australasian realms (Sutherland, 2011). In Sri 
Lanka, V. bengalensis seems to forage mostly as an 
active predator, and most of its prey are vertebrates. In 


contrast, studies conducted elsewhere have suggested 
that invertebrates (flying insects, annelids, arachnids, 
mollusks, and crustaceans) comprised the primary diet, 
while vertebrates were an alternative prey depending 
on their availability (Auffenberg, 1994; Pianka, 2004). 
The dietary bias we noted in our study can be an artifact 
of biased sampling and detectability since predation 
on vertebrates is more noticeable to an opportunistic 
observer. Varanus bengalensis is also considered an 
egg predator of both reptiles and birds (Deraniyagala, 
1953; Somaweera & Somaweera, 2009); however, our 
study only confirmed V. bengalensis predation of bird 
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eggs in Sri Lanka. Dietary studies on varanids have 
suggested a strong positive correlation between prey 
size and the monitor’s body size, with large-bodied 
monitors foraging predominantly on vertebrate prey 
such as mammals while smaller-sized monitors practice 
insectivory (Arbuckle, 2009). Gut content analyses of V. 
bengalensis have supported this notion, where juvenile 
monitors feed nearly exclusively on insects such as 
orthopterans and coleopterans (Auffenberg & Ipe, 1983). 
However, vertebrate prey may account for a greater 
caloric (energetic) intake by monitors irrespective of 
the relative proportion of vertebrates in monitor diets 
(Arbuckle, 2009). 

Plasticity in food selection and the catholic 
dietary habits of V. bengalensis have previously been 
documented from southeastern and southern Asian 
mainland, Indo-Malayan island, and Indian oceanic 
island populations (Jolley & Meek, 2006). Although 
predominantly terrestrial, a minor proportion of the diet 
of V. bengalensis consists of both aquatic and semi- 
aquatic prey (freshwater fish, amphibians, waterfowl, 
crocodiles, and freshwater crabs) in aquatic and riparian 
environments (S. Karunarathna, pers. obs.). Therefore, 
V. bengalensis, like many other varanids, may even 
shift its prey choice in response to seasonal and spatial 
variation in food availability, ontogeny, and intensity 
of competitive interactions (Shine, 1986; Losos & 
Greene, 1988; Sutherland, 2011). In Sri Lanka, the 
diversity of large lizards (only two species of Varanus) 
is lower than other regions within the natural range 
of varanids such as the Indo-Malayan region; thus, 
inter-specific competition is lower, which may have 
enabled V. bengalensis to retain a generalist diet. The 
other extant Sri Lankan monitor species, V. salvator, is 
predominantly aquatic, which further minimizes niche 
overlap with V. bengalensis (Karunarathna et al., 2012). 

Although V. bengalensis is mostly terrestrial, 
we have documented that the species can forage in 
arboreal habitats, where individuals feed on birds 
(common myna [Acridotheres tristis]; Jolley & Meek, 
2006). Sometimes, V. bengalensis forages in vegetation 
alongside river banks or at the land-water interphase 
of rivers, lakes, and wetlands. When feeding on larger 
vertebrate prey, these monitors are known to kill their 
prey by violently shaking it or slamming it against hard 
substrates, then swallow the prey head first by pushing 
the prey against the ground and then using inertial 
movements until ingestion is complete (Loop, 1974; 
Jolley & Meek, 2006; Rahman et al., 2015). When 
handling or capturing larger prey, these monitors can 
dismember their prey by holding them with forelimbs; 


they are also known to dig in search of prey with their 
forelimbs and jaws (Auffenberg & Ipe, 1983; Rahman 
et al., 2015). Moreover, when feeding on invertebrates 
with hard exoskeletons, the monitors masticate the shells 
first prior to ingestion (Jolley & Meek, 2006). We noted 
that V. bengalensis forages in multiple habitat types, 
including forests and woodlands with trees of variable 
trunk densities, home gardens and homesteads, urban 
and suburban environments, lotic and lentic aquatic 
habitats of both natural and anthropogenic origins, and 
brackish water habitats. 

Our study indicates that V. bengalensis is capable 
of feeding on live prey as well as dead organic matter, 
including both native and introduced species. Carrion 
feeding has been observed throughout its range 
(Karunarathna et al., 2012). Populations inhabiting 
homestead environments are known to spend nearly 
50% of their activity budget on scavenging among 
household garbage, particularly kitchen trash where 
they feed on cooked and uncooked vegetables, grains, 
and fruits (Rahman et al., 2015). The ability of several 
varanid species to scavenge human-generated trash 
is a remarkable feature which has enabled them to 
successfully exploit built-up environments and as a 
human commensal (Uyeda, 2009). Human-assisted food 
subsidies for varanids could have profound ecological 
effects on wild populations, such as increased abundance, 
altered community and intraspecific interactions, 
modified social hierarchies, and aggravated human- 
wildlife conflicts. Dramatic changes in wildlife behavior 
and community structure have been recognized among 
many other human commensals such as coyotes, crows, 
raccoons, mongoose, and gulls upon “supplementary 
feeding” (O’Connor, 2013). 

Our study also established the fact that V. bengalensis 
may not be a top predator in Sri Lanka’s ecosystems, 
although we only documented a few predators of V. 
bengalensis. Throughout its biogeographic range, a 
number of predators including pythons and other large 
snakes, eagles, mongooses, wild and domesticated 
dogs, feral cats, humans, and other varanids are known 
to predate on V. bengalensis (Auffenberg, 1994; Pianka, 
2004). Similar to our findings in Sri Lanka, predation 
mostly occurs in early life-history stages (eggs, 
hatchlings, and juveniles), with only a small portion 
of predation involving fully-grown adults (Auffenberg, 
1994; Pianka, 2004). Although cannibalism has been 
cited elsewhere, we do not have any evidence for active 
intraspecific predation of V. bengalensis in Sri Lanka 
(Auffenberg, 1994; Pianka, 2004). 

Humans’ role as a predator of V. bengalensis in 
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Sri Lanka is noteworthy. The human exploitation of V. 
bengalensis for food in Sri Lanka has historically been 
recorded as far back as 800 BC - 200 AD, and continues 
today to a greater extent and includes both consumption 
and trade (Abayaratna & Mahaulpatha, 2006; de Silva, 
2006). Human exploitation of V. bengalensis has also 
been reported from South and Southeast Asia (Koch et 
al., 2013). The hunting pressure on V. bengalensis in Sri 
Lanka as well as in some other parts of its range have led 
to localized population declines and reductions in their 
former ranges and habitats (Amarasinghe et al., 2009; 
Koch et al., 2013). In some rural parts of Sri Lanka 
such as Hambegamuwa (southeastern Sri Lanka), local 
inhabitants use the hides of V. bengalensis for making 
drums (Fig. 2). 

Given its broad dietary preferences, which include 
many insects and rats, V. bengalensis can be considered a 
biological pest control agent (Karunarathna et al., 2008; 
Karunarathna et al., 2012). Moreover, as scavengers, 
these monitors contribute to organic matter cycling and 
the removal of carrion (Somaweera & Somaweera, 2009; 
Karunarathna et al., 2012). Their role as a mesopredator 
provisions many ecosystem services which involves 
regulating populations in lower trophic levels while also 
serving as prey for top predators. Behavioral studies 
have suggested that V. bengalensis allocate a greater 
portion of their daily activity budgets to foraging, where 
they roam extensively over great distances exploring 
profitable foraging grounds (Losos & Greene, 1988; 
Sweet & Pianka, 2007). Thus, their contribution to 
energy flow and nutrient cycling is salient for proper 
ecosystem functioning. Quantifying their role in food 
webs based on gut content surveys and carbon isotope 
analyses using network theory (carbon and energy flow 
across different trophic nodes) may provide considerable 
insight on their ecological role. Moreover, our study 
has indicated that V. bengalensis feeds on non-native 
species; therefore, these monitors could have some 
impacts on controlling invasive species. This potential 
requires further investigation. 
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Abstract: Popular in zoos and private collections, monitor lizards have been maintained in captivity 
for nearly two centuries. During this time, but especially over the past three decades, a voluminous 
body of publications has brought to light important details and perspectives that have helped advance 
their captive husbandry and reproductive management. This bibliography presents an annotated 
compilation of publications pertaining strictly to the captive reproduction of monitor lizards 
belonging to the Varanus subgenera Empagusia and Philippinosaurus. It is intended to serve as a 
guide for zoos and private herpetoculturists looking to expand their knowledge and familiarity with 
this group and introduce readers to different perspectives on their management and reproduction in 


captivity. 


Introduction 


Monitor lizards have a long and fascinating history of 
being maintained in captivity that dates back to at least 
the early 19th Century. Some of the earliest published 
accounts of monitor lizards in captive collections 
reference animals held in European menageries and 
zoological gardens (Cox, 1831; Knight, 1867; Mitchell, 
1852; Sclater, 1877), although private keepers also 
maintained representatives of this group during this 
period (Bateman, 1897; Lachman, 1899; von Fischer, 
1884). Alfred “Gogga” Brown was probably the first 
individual to genuinely attempt to reproduce monitor 
lizards in captivity in the late 1800s (Branch, 1991). 
Although he received hundreds of eggs (from 33 clutches) 
from a large group of more than 40 captive Varanus 
albigularis he maintained outdoors in South Africa, he 
was unsuccessful in hatching any live offspring (Branch, 


1991). Eggs had also been received but not hatched by 
other keepers around this time (e.g., Thilenius, 1898); 
these eggs were usually scattered by the females who 
clearly did not have appropriate conditions available 
for nesting (Branch, 1992; Thilenius, 1898). A poor 
understanding of monitor lizard biology and husbandry 
and reptile egg incubation undoubtedly prohibited 
successful captive breeding from taking place for many 
decades. This was especially apparent in a 1967 report 
by Osman (1967), who, while discussing a clutch of V. 
komodoensis eggs that were scattered across the ground 
of the enclosure rather than buried, suspected that the 
eggs were to be later buried in the sand by the female 
after they had been left out in the sun for the shells to 
harden. 

The first documented record of successful captive 
breeding of amonitor lizard occurred with V. komodoensis 
in 1941 (de Jong, 1944). Unknown to their caretakers, a 
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pair of adults maintained at the Batavia Zoo since 1938 
secretly nested a clutch of eggs in their exhibit which 
unexpectedly hatched several months later, much to the 
zoo’s surprise. The next documented case of successful 
captive reproduction in monitor lizards did not occur 
until 1962, when a wild-caught gravid V. albigularis 
produced a clutch of eggs shortly after arriving at the San 
Diego Zoo, which resulted in a single hatchling. Several 
additional species were successfully bred for the first 
time in the 1970s (Horn, 1978; Horn & Visser, 1989), 
with more species hatched in the 1980s (e.g., Bredl & 
Horn, 1987; Br6er & Horn, 1985; Eidenmiiller, 1986; 
Eidenmiiller & Horn, 1985; Horn & Petters, 1982; Horn 
& Visser, 1989; Irwin, 1996; Stirnberg & Horn, 1981). 
From the 1990s onward, monitor lizard husbandry 
continued to advance rapidly, to the point where at least 
53 species have now been successfully reproduced in 
captivity (Horn & Visser, 1997; Eidenmiiller, 2007; 
Husband & Bonnett, 2009; Brown, 2012). 

In a previous bibliographic installment (Mendyk, 
2016), I focused on the predominately Australian 
Varanus subgenus Odatria, a group that is well- 
represented in zoos and private collections. Here, the 
focus is shifted to South and Southeast Asia and its 
offshore islands, which are home to several endemic 
subgenera that are also maintained in captive collections, 
albeit not as frequently or abundantly as Odatria. Two 
subgenera which will be focused on in this installment 
are Empagusia, a group comprised of four species (V. 
bengalensis, V. dumerilii, V. flavescens and V. rudicollis) 
occurring throughout southern and southeastern Asia 
and the Malay Archipelago, and Philippinosaurus, a 
group comprised of three frugivorous species endemic 
to the Philippines (of which only one species has 
been kept and bred in captivity — V. olivaceus). Unlike 
Odatria, for which virtually all specimens presently 
maintained in captivity are captive-bred in origin, 
most captive individuals belonging to Empagusia and 
Philippinosaurus are of wild-caught origin, denoting the 
rarity of captive breeding among these two groups. 

The following bibliography, which represents a 
continuation of what will be several installments on the 
captive breeding of monitor lizards, focuses chiefly on 
the subgenera Empagusia and Philippinosaurus. Similar 
works that address other subgenera are forthcoming. 


Using this Bibliography 
This bibliography covers all aspects of captive 


reproduction including both successful and unsuccessful 
attempts. It is largely intended to serve as a resource 


for zoo professionals and private herpetoculturists 
working with these species in captivity, but may also 
prove valuable to conservation biologists, ecologists, 
veterinarians and general enthusiasts seeking to gain 
familiarity with existing literature on the reproductive 
biology of monitor lizards. Species covered in this 
bibliography are organized alphabetically, with 
annotations describing the nature and content of each 
work appearing inside brackets after each reference. 

It should be noted that there still remains disagreement 
within the scientific community regarding the taxonomy 
of V. bengalensis nebulosus, particularly whether it 
constitutes a distinct species as proposed by Béhme 
& Ziegler (1997). For this bibliography, I follow the 
taxonomy proposed by Mertens (1942) and identify 
the taxon at the subspecies level. Given this taxonomic 
flux and the associated confusion it has created, it is 
possible, and perhaps inevitable, that the true taxonomic 
identities of taxa reported on in older publications may 
be unclear — whether V. b. bengalensis or V. bengalensis 
nebulosus. Nevertheless, the biological similarities 
between both subspecies suggest that reproductive data 
and information presented for one should be just as 
relevant and applicable to the other. 

While best efforts were made to document all known 
publications relevant to the reproduction of these species 
in captivity, I recognize the possibility and likelihood 
that some publications may have been missed. Given 
that bibliographies are perpetual works in progress, 
I welcome and encourage feedback on publications 
missing from this bibliography and new accounts as they 
are published so that they can be added to an updated 
version of this document in the future. 
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